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TATIONAL ADVISORY COMMITTEE FOR AEBERCNAUTICS

WIN3-FUSELAGE INTERFEREZNCE - COMPARISCON OF CCNVEZNTICNAL
AND AIRFCIL-TYPE-FUSELAGE CCMBINATICNS

By Bastman N. Jacobs and Albert Sherman
SUMMARY

Tests of wing-fuselage combinaticns emnleying en =ir-
foil-tyve fuselasge were made in the variatle-density wingd
tunnel ss a 'orrt of the wing-fusclage interference nrogram
bteirg corducted therein. The meodels were designed to simu-
late an existing moderate-size transvort airvnlane of that
trne, The test results showed thot for such sizes, at
least, the airfoil-type-fuselage ccmbinaticn sheould te well
faired in such a way as to eliminate the discontinuity at
the ends of the fuselage, and even then will probsbly have
tn rely largely cn cther than basic aerodynamic considera-
ticns for its Jjustificati-n.

INTROZDUCTION

A comprehenzive investigaticn of wing-fuselage inter-
ference is in nrogress in the N.A.C.A. variable-~density
tunnel, Results of parts of the investigation have been
revorted in references 1 and 2. The general program 1is
outlined in reference 1. As a part of the program, a wing-
fusela~e combinatien consisting of one of the standard
wings combined with an alirfoil-tyne fuselage was briefly
investizated.

The airfoil-tyve-~Tuselage comtination is character-
izsd tv an enlarged and thickened central vortion cf the
wing. This central vportion is made sufficiently large and
thick to accenmcdate the passengers and cargo and other-
wmige to take the place of the usual fuselage. The tail

surfaces are carried on rcoms.

The airfoil-type-fuselage combination coviously te-
commas aercdynamically desiratle when, for large airplanes,
the srace and heiskht requirements of the fuselage portion



are such that it becomes substantially an integral part of
an efficient wing. The whele combination then becomes
simply a flying wing, the characteristics of which should
te readily predicted from airfoil-section data and wing
theory. The type of combination that has bdeen used in
molerate-size transport airplanes, however, requires spe-
cial investigation. It is characterized ty a markedly
thickened and enlarged central pertion of the wing having
substantially flat sides. The principal cbject eI the
present investigation was to compare this type of cemtina-
tion with one of the test wing~-fuselage combinations of
the conventional type,

DESIGN OF MCDEL

The principal design requirements were: First, that
the proportions should bte somewhat like those of an actual
airplane of the airfoil-fuselage type; and second, that
the wing~fuselage combination should bte directly compara-
tle with scme of the conventional comtinations previously
investigated., The combination was therefore designed
around the N.A.C.A. 0018-09 tapered airfoil (reference 1).
The ratio of fuselage chord to fuselage span and the ratio
of fuselage thickness to fuselage chord (23 percent) were
taken from the Burnelli UB 14A airplane (reference 3).

The fuselage chord was then adjusted to give the airfoil-
type fuselage the same useful volume as the conventional
fuselage previously employed, considering only the forward
60 percent of the conventional fuselage to represent use-
ful volume, This procedure gave:

Airfecil-fuselage UB 14A
model
faselage span 0.184 0.175
Wingz span )
fuselage chord 1.70 1,67
WWing chord at juncture ' :
Fuselage area 0.7279 0.407

Basic wing area

With regard tc the details of the model lay-cut (see
Tigs, 1 and 5), existing airplanes of the airfoil-fuselage
+
vy

g
pe were simulated. The fcre-and-aft position of the fuse-
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lage was chosen to bring the fuselage guarter—-chord axis
in line with that of the wing in the plan view. The angu-
lar setting of the fuselace was chosen to make the zero-
1ift direction for the fuselage parallel to that of the
wing. The height of the wing with respect to the fuselage
was adjusted so that the upper surface of the wing, begin-
ning somewhat behind the leading edge, as shown in figures
1l and 5, could be made continuous with the uvver surface of
the fuselage. The fuselage was formed from the N.A.C.A.
0C2% section slightly altered to meet the condition just
mentioned; namely, that the upper surfaces of wing and fu-
selage should be continuous. The practically symmetrical
fuselage sections were employed because airfoil tests in
the variable~density tunnel have indicated that secticns
of this thickness may have their characteristics definite-
ly imovalired by the use of camber.

As the combination of the wing and sirfoil-type fuse-
lage does not provide a suitable mounting for the tail
surfaces, tail booms simulating those employed on the
UB 144 were included on the model. In order to make the
model comparable with the conventicnal combination, the
tail bcoms were made long enough to provide a tail-mounting
vosition at the same distance behind the wing as for the
conventional combination.

The combination was alsec modified to include two types
of fillets: First, small fillets between the wing and fu-
selage near the leading and trailing edges of the wing
shown in figures 3 and 6; and second, large fillets, which
are shown in figures & and 7, so designed that the discon-
tinuity betwecen the wing and fuselage would be eliminated
as completely as pessitle without unduly increasing the
frontal area.

TESTS AND RESJLTS

The tests and the methods employed for the presentation
of results are sutstantially the same as those described in
reference 1, The results presented in figures 2 and % and
ir table V (a continuation of tabtle V in references 1 and 2)
are thus intended to bYe directly comvarable with published
results of tests of wing-fuselage interference conducted in
the J.A.C.A. variatle-density tunnel., All the coefficients
are calculated on tihe tasig of the orircinal, or basic, wing
arca of 150 sguare inches.



PISCUSSICN

General ccompariscon.- Obviously these results, as com-
rared with those from tests of the conventional-fuselage
combinaticn, do not supply conclusive evidence sn which to
tase a final comparison of the relative merits of the air-
Toil-tyce-fuselage airplane. No engines, cowlings, radia-
tors, tall surfaces, or windshields were included. Jome
faveoratble interference effects might result from the combi-
nation ¢ the englne installatien with the thick wing sec-
tions forming the fuselage. On the other hand, the pro-
peller interference would almost certainly bte unfavorable,
but the possitle small distance tetween the propeller
thrust axes might be an important consideration.

Factors other than aerodynamic ones may alsc affect
the compariscn as, fcr example, structural censiderations,
landing~gear space, simpllcity, window space, ani passen=
ger »nr cargo accommodations. Finglly, there is nothing
Tixed with regard to the relative dimensicns of the wing
and fuselage, The rresent tests have also shcwn that the
comtinatien is sensitive to filleting, so that the compar-
ison would undoubtedly be affected by further fillet mcdi-
ficatinsns. ©Nevertheless, the results ¢f the present tests
should throw scme light on the gquestion of the inherent
relative merit of the airfoil-type—~fuselage cemdbination,

tinaticn under consideration has heen widely discussed
vith respect to the 1ift carried ty the fuselage. Such
discussions have often implied that the conventional-type
fuselage in a wing-fuselage combtination does not carry
lift as it should. The results of reference 1 indicate
that this pcint cf view is neot in accord with experiment,
The obtservation that the cenventional cocmbinatien at a given
angle of attack gives more 1ift than the wing alone at the
same angle c¢f attack (see fig. 2) indicates, in fact, that
the fuselage tends to carry toc much 1ift. This charac-
teristic is accentuated by an airfeil-typre fuselage. In
ceneral, the departure from the span load that 'is agercdy-
ramically hest will Ye increased bty any "extra" 1ift de-
velcped near the center span by the fuselage. The extra
1ift, however, is not large, owing t» the low asrect ratic
7f the faselage pecrticn and tc the reduced lift-curve
slope for the very thick airfcecil sectinrrn, ts small mag-
nitade is indicated Ty the small ‘increase nf lift-curve
clope shown for this tyne cf cortinaticn in figure 2.
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Nevertheless, the extra 1ift might be of some value if it
tended to edd to the 1ift at the maximum. Figure 2 does
show a gain in the maximum 1ift coefficient but it is
small as ccmpared with the added lifting surface provided

by the airfoil-type fuselage.

In crder to investigate further the extra 1lift and
the excess induced drag associated with it, the load dis-
trituticn was calculated from wing theory dy the method
given in reference 4. The calculated load distributicn is
presented irn figure 4., The calculated lift-curve slope is
0.078 and agrees within 1 percent with the experimental
value (0,078 frem fig, 2 corrected for tunnel-wall inter-
ference), The agreement of the calculated and experimen-
tal lifts indicates that the load-distribution calcula-
tions are satisfactory.

The results show that the fuselage part of the 1ift-
ing surface, comprising 33 percent of the total lifting
area (exposed wing area plus fuselage area) contributes 26
percent of the total 1ift, Nevertheless, the excess in-
duced drag, which must be attributed mainly tc the concen-
traticen of too much 1ift near center span, is 8.5 percent
as compared with the induced drag of the ideal wing of the
same span and at the same lift; that is, the correspond-
ing elliptically lcaded wing giving minimum induced drag.
The corresponding excess for the plain wing alene (2:1
taper, orthogonal tips) is 1.1 percent. It is not feasi-
tle to walte this calculation for the conventional fuselage
comtinaticn,

cients from Tigures 2 and 3 or from table V may be taken
as represcntative of the drag in high-speed or cruising
fligkht, The ccefficient representing the "drag and inter-

ference" due to the airfoil-type fuselage is thus feund
from tigure ¢ te be 0.0068 as compared with 0.0022 fcr the
cenventicnal fuselage. The minimum drag coefficient of
the cembinaticn may be ccmpared with the coefficient com-
puted If'rem the drag c¢f the component parts, neglecting in-
terference., The component drag coefficients are individ-
ually estimated as follows:



Profile drag of fuselage sections 0.0041
Tip drag for fuselage portion (ref-
erence 5) . 0047
Skin friction on tail booms . 0004
Drag of exposed part of wing . 0068
Tip drag for rectangular wing tips _.0001
Calculated total .0161
Experimental total .0161

The admitted fortuity of the agreement does not de-
tract from the value of the principal conclusicn, drawn
from a consideration of the relative magnitude of the com-
ponents of the calculated minimum drag ccefficient, which
1s that excessive drag results from the discontinulty bve-
tween the wing and fuselage, that is, from the tip drag of
the fuselage portion. The discentinuity producing the
most marked drag increment must be that due to the sharp
upper~-surface corner of the fuselage ahead of the wing.
The importance of this disturbance is indicated by the
marked improvement (reduction from C.2161 to 0.0145, fig.
2) that resulted from the additicn of small nose fillets
that eliminated some of the sharp fuselage corner (fig. 6).
The drag was further reduced (to 0.0135) by the large fil=-
lets, which eliminated all the sharp fuselage corners and
faired out the digcontinuity (fig. 7), in spite of the
fact that the fillets increased the frontal area. Much
greater drag reduction seems unlikely owing to the high-
drag airfoil sections employed for the fuselage.

The obvicus conclusion reached is that such a well-
frired combination necessarily becomes favorable for large
airplanes, if thc design conditions permit mcdification of
the propertions tn the extent that the combination tecomes
& well-designed flying wing without excessive center-
section chord and thickness. With the present proportions,
however, even with the large fillets, the minimum drag and
interference due tc the airfecil-type fuselage remains 1.9
times that due to the conventional fuselage in the combi-
nation used for ccmparison. The maximum 1ift coefficient
is 12 percent higher for the airfeil-type-fuselage combi-
ration with favorable fillets. The speed-range index 1is
127 as compared with 132 fcr the conventional comtination,



It snvears, then, *thet the airfeil-tyve-fuselage combina-
tior of the present proportions must be well faired in
such a weay as to eliminate the discontinuity at the ends
of the fuselage, and even then will probably have to rely
largely on other than basic aerodynamic considerations for
ite justification.

Langley Memorial Aeronautical Laboratory,
Jational Advisory Committee for Aeronautics,
Langley Field, Va., February 15, 1927,
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N.A.C.A. Table 5
Table V.- Principal aerodynamic characteristiocs of wing-fuselage combinations.
Dia- T " TLon- |[Ver- | Wing |[Lift- |Span |C ¢ Aero- | C Lift 2 2
grams S Remarks |gitu-|ti- set- |curve effi- D°min L°pt dynam- Ro coeffi- chax cLulx
repres-| 0 dinal ioal ting {slope clency ic cient effec~-|effec—-
enting % poei-|posi- (per factor center at in- |[tive |[tive
combi- ; = tion |tion | iy |degres) posi- terfer-|R.N.= R.N.=
natlons| g a o tion ence 8.2x106! 3.7x108
S d/c | x/c burble
De- A.R.= ng ch
| grees 6.86 id
Tapersd N.A.C.A. 0018-09 airfoil with
airfoil type fuselage.
Wing | T
alone i 0.077 0.90 [0.0093| 0.00[{0.030 |0.000| 41.4 €1.48 |€1.33
268 Cc 10.15 0 .080 | 5.80 .0161 .00 .024¢ [-.003| 41.5 [c1.54 |b1.28
2692| With
ssall o] .15 0 .082 | 5.85 .0145 .03! .029 |-.008| 41.6 |[c1.62 |P1.27
fillets
270| With
transi - 5
tion o | .15 o .085 | °.90 | .o135| .05| .037 [-.015| A1.7 [C1.72 |P1.34
fillets
Tapered N.A.C.A. 0018-09 airfoil with
round fuselage.
186 (Compar-
ison A
cogb. 0 0 o] .079 .90 .0115 .00 .040 .000 1.5 .52 1.25
ref. 1
1 Letters refer to types of drag curves associated with the interference burble, as follows:
CLyp=C /
Cpg Lip ™ “Lmax Cpg / Cpg
Type A Type B Type C

2 Letters refer to condition at maximum 1ift as follows,

a Reasonably steady at Cf
b Small loss of lift beyo

X
53 chax

¢ Large loes of 1ift beyond anax and uncertain value of GLm&x

Foor
Poor
Poor

(2NN &

N.A.C.A.

368

269

270

agreement in high-speed range.
agreement over whole rangs.
agreement in high-lift rang
Rapid increase in drag preceding definite breakdown.

(Diagrams representing combinations)

-

(=







L-sop

H.A.C.A.

Figs.1,4
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Figure 1.~ Wing-fuselage combination with airfoll-type fuselage.

Figure 4.- Span load distribution for airfoil-type-fuselsge
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Figs. 5,6,7.

Figure 5.- Airfoil-type fueelage combination.

Figure 6.- Combination with emall fillets.

Figure 7.~ Comhination with large fillete.






